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Abstract
Variability of response to treatment hinders successful management of rheumatoid arthritis (RA). Consequently, a clinical
pharmacogenetics model for predicting response to methotrexate (CP-MTX) has been previously proposed that includes four
clinical variables (disease activity, sex, the presence of rheumatoid factor and smoking status) and four SNPs (rs2236225,
rs17602729, rs1127354, and rs2372536) in genes of the folate pathway. It showed good performance, but failed to attract
attention, likely, in relation with lack of clear clinical benefit. Here, we have revised the value of the CP-MTX model directly
addressing its clinical benefit by focusing on the expected benefit-cost of the predictions. In addition, our study included a
much larger number of RA patients (n= 720) in MTX monotherapy than previous studies. Benefit of CP-MTX prediction
was defined as the patients that would have received combination therapy as first treatment because they were correctly
predicted as non-responders to MTX monotherapy. In contrast, cost of CP-MTX prediction was defined as the responder
patients that were wrongly predicted as non-responders. Application of CP-MTX predictions to our patients showed a good
benefit-cost relationship, with half of the 66.7% non-responders to MTX monotherapy rightly directed to alternative
treatments (a benefit of 33.3%) at the cost of 8.5% wrongly predicted non-responders. These benefits-costs were consistent
with reanalysis of the previously published studies. Therefore, predictions of CP-MTX showed a good benefit-cost
relationship for informing MTX prescription.

Introduction

Advances in drug development and in treatment strategies
have dramatically improved the prognosis and life quality
of patients with rheumatoid arthritis (RA) [1, 2]. Further
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progress is still necessary, because the patients display
important variability in the response to all the disease-
modifying anti-rheumatic drugs (DMARD), including
response to methotrexate (MTX), which is often used in
monotherapy as the first DMARD immediately after RA
diagnosis. This inter-individual variability means that a
significant fraction of patients on MTX fail to sufficiently
improve. Ideally, the non-responder (NR) patients should
be prescribed a different DMARD or a DMARD combi-
nation as the first treatment in place of MTX. This goal
will require predicting MTX non-response [3, 4]. A pro-
mising approach could be the previously published clinical
pharmacogenetics model of response to MTX (CP-MTX)
[5]. This model combines clinical and pharmacogenetics
data (sex, DAS at baseline, RF and smoking and four
SNPs in genes of the folate pathway) in a scoring system
that has been validated in three groups of patients [5, 6].
Nevertheless, CP-MTX has not attracted research beyond
its developers. This lack of interest could be due to
uncertainty on its clinical utility. In effect, performance of
CP-MTX has been reported with statistical parameters
pertaining to three strata of the score, but this information
is difficult to translate in value for guiding drug prescrip-
tion. For example, the discovery study reported 95%
positive predictive value (PPV) for response (scores ≤ 3.5),
86% negative predictive value (NPV) for non-response
(scores > 6), and 40% of the patients were left without any
prediction (scores > 3.5 ≤ 6). Although the PPV and NPV
results seem worthy, their complexity hampers under-
standing its clinical utility. In addition, subsequent repli-
cation sets of RA patients have shown a decrease in the
three parameters (70%, 72%, and 32%, respectively, in the
first replication set [5]; and 47%, 81%, and 25%, respec-
tively, in the second set [6]) making it even harder to
assess the utility of the model. The decrease in PPV and
NPV is indicative of less utility, but this negative aspect
could be counterbalanced by the reduction in the percen-
tage of patients without any prediction. An additional
reason for the lack of interest in CP-MCT could be its
reliance on pharmacogenetics given the low reproduci-
bility and predictive power that MTX pharmacogenetics
has demonstrated until now [7–9]. Consequently, our
objective has been to assess the potential impact in clinical
management of implementing CP-MXT for prescribing
RA treatment. In addition, we have aimed to evaluate the
reproducibility of its performance and the role of its
pharmacogenetics component. Accordingly, we have
focused our analysis on the clinical benefit-cost expected
from CP-MTX implementation, we have analyzed a larger
number of RA patients than previous studies, and we have
addressed the contribution of the pharmacogenetics
component.

Materials and methods

Patients and clinical component of the model

For this study, we selected 720 RA patients with complete
information for CP-MTX that have been recruited with
written informed consent and the approval of the local
ethics committees. The study was approved by the Comite
Etico de Investigacion Clinica de Galicia (Santiago de
Compostela, Spain). The patients were of European Cau-
casian ancestry and more specifically of Spanish (221),
Portuguese (229), and Polish (270) origin. All have received
MTX as the only DMARD for 6 months. Nevertheless,
23.9% have been treated previously with other DMARD. In
addition, most patients combined MTX with corticosteroids
(72.8%) or non-steroidal anti-inflammatory drugs (72.0%).
These and other clinical characteristics, including baseline
DAS28, sex, RF and smoking status for CP-MTX are pre-
sented in Table 1.

Genetic component of the model

The same four SNPs previously reported in the published
CP-MTX prediction model were tested here (MTHFD1
rs2236225, AMPD1 rs17602729, ITPA rs1127354 and
ATIC rs2372536) [5]. The corresponding genotypes were
determined by PCR amplification followed by single-base
extension (primers and probes available upon request) with
the SNaPshot Multiplex Kit (Applied Biosystems, Foster
City, California). The complete genotypes at the four SNPs
were required for all samples. Duplicate genotypes of 10%
of the samples, concordance (all p > 0.05) with the
Hardy–Weinberg equilibrium and with SNP frequencies in
the HapMap European collection were used for quality
control [10].

Evaluation of model predictions

CP-MTX was applied as described [5], except for the use of
DAS28 in place of DAS with equivalences calculated as
DAS28= 1.072 × DAS + 0.938 [11]. Our focus on clinical
relevance of the model limited the analysis to a 2 × 2 con-
tingency table (Table 2), where emphasis was put only in
predicting patients requiring an alternative treatment than
the received. That is, the non-responder patients (NRobs)
that did not reach low disease activity (LDA) at 6 months on
MTX monotherapy. The accuracy of this prediction was
characterized by its positive predictive value (PPV=D/(C
+D)) and false negative rate (FNR= B/(B+D)). In addi-
tion, we performed a benefit-cost analysis to facilitate
understanding of the clinical utility of CP-MTX. In this
analysis, the expected benefit is equal to the correctly
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predicted NR (D in Table 2), as they will be prescribed an
alternative treatment. Whereas the expected cost is the
fraction of wrongly predicted NR (C in Table 2), as they
will receive unnecessary treatment. In addition, baseline
patient variables were compared between NRobs and
patients achieving LDA by using the Chi-square test or
logistic regression. Also, receiver operating characteristic
(ROC) analysis was used to determine cut-offs for the
model based only in the clinical component of the CP-MTX
model. All analyses were performed using SPSS version
15.0 (SPSS Inc., Chicago, IL).

Results

The patients with RA (n= 720, Table 1) included in this
study were treated with MTX monotherapy, although most
of them received also corticosteroids (72.8%) or NSAID
(72.0%). Most were DMARD naive, although 23.9% have
previously received another DMARD. Exactly two thirds of
the patients (n= 480) did not reach LDA (DAS28 < 3.2) at
6 months representing the NRobs group, which should be
predicted by CP-MTX to indicate an alternative treatment at
baseline. The most notable differences between patients
achieving LDA and NRobs were that the latter showed
higher DAS28 and bone erosions at baseline and were less
frequently DMARD naive (Table 1). The NRobs also were

more frequently women and younger and during the treat-
ment received a higher maximum dose of MTX. Two of
these variables are included in CP-MTX (DAS28 and sex),
but the other two variables in the model, RF and smoking
were not significantly different between NRobs and LDAobs

patients.
Application of the CP-MTX scoring to clinical variables

amounted to a mean of 3.2 (range 0.0–6.5) (Table 3). In
turn, the total pharmacogenetics component was smaller
(mean 1.8) and showed less variability (range 1.0–4.0) than
the clinical component. Jointly, the mean total CP-MTX
score was 5.0 (range 1.0–10.5), with 41.8% of the patients
showing values corresponding to NRpred. As expected, the

Table 2 Contingency table showing the definitions used for evaluation
of CP-MTX performance

LDAobs=DAS28 <
3.2

NRobs=DAS28 ≥ 3.2

CP-MTX < 6 A B

NRpred= CP-
MTX ≥ 6

C D

Definitions relative to NRobs: PPV=D/(C+D); FNR= B/(B+D);
Benefit=D; Cost= C; Missed= B

CP-MTX clinical pharmacogenetics model for predicting response to
methotrexate, LDA low-disease activity, DAS28, Disease Activity
Score 28 joints, Obs observed, Pred predicted, PPV positive predictive
value, FNR false negative rate

Table 1 Clinical characteristics of the 720 RA patients included in the study and their stratification by response to MTX at 6 months of treatment

Characteristics Value LDAobs NRobs P

Women, N (%) 579 (80.4) 171 (75.0) 458 (82.9) 0.013

Age at treatment, mean ± SD 52.7 ± 13.1 54.0 ± 13.7 51.3 ± 12.7 0.012

Rheumatoid factor positive, N (%) 422 (58.6) 139 (61.0) 283 (57.5) 0.4

Anti-CCP positivea, N (%) 385 (72.6) 94 (69.1) 291 (73.9) 0.3

Erosive arthritis, N (%) 379 (60.1) 89 (46.6) 290 (66.1) 4.6 × 10−6

Smoking habit, N (%) 193 (26.8) 71 (31.1) 122 (24.8) 0.08

MTX maximum dosea, mean ± SD 18.8 ± 5.0 18.7 ± 8.8 21.0 ± 13.2 0.04

Concomitant treatments

Corticosteroids, N (%) 524 (72.8) 159 (70.7) 365 (74.2) 0.3

NSAIDs, N (%) 460 (72.0) 136 (69.4) 324 (73.1) 0.2

DMARD naive, N (%) 548 (76.1) 201 (83.4) 347 (72.4) 0.0011

Baseline DAS28, mean ± SD 5.3 ± 1.2 4.6 ± 1.1 5.6 ± 1.1 3.0 × 10−28

DAS28 at 6 months, mean ± SD 4.0 ± 1.4 — — —

EULAR response at 6 months, N (%)

Good responder 170 (23.6) 165 (72.4) 5 (1.0) «10−16

Moderate responder 317 (50.1) 58 (25.4) 259 (52.6)

Non responder 233 (32.4) 5 (2.2) 228 (46.3)

LDA low disease activity, NR non-responder, SD standard deviation, anti-CCP anti-cyclic citrullinated peptide antibodies,MTX methotrexate (dose
expressed in mg/week), NSAIDs Nonsteroidal anti-inflammatory drugs, DAS28 Disease Activity Score 28 joints, EULAR The European League
Against Rheumatism.
aData from <85% of the patients were available: 530 for anti-CCP, 493 for MTX dose.
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clinical characteristics corresponding to high scores were
more common in NRobs patients than in LDAobs (Table 3).
The largest differences were observed with baseline
DAS28. In contrast, none of the four genotypes showed a
significant difference (Table 3). The CP-MTX mean total
scores reflected these results with values of 4.3 and 5.4 for
LDAobs and NRobs patients, respectively (p= 5.1 × 10−13).

Performance of CP-MTX for identifying NRobs was
defined by 79.7% PPV (Table 4), but also by 50.0% FNR
that complicates interpretation. The two parameters fell in
the range observed in previous studies (Table 4), whose
implications were also hard to extract. In contrast, the
benefit-cost analysis was more revealing (Table 4). It
showed that 33.3% of our patients will benefit from the CP-
MTX prediction, as this is the fraction that will be correctly
predicted as NR and will be given an alternative treatment.
The cost of the CP-MTX prediction will be of overtreating
8.5% of the RA patients, which will respond to MTX but

wrongly be classified as NRpred. This benefit-cost relation
seems favorable to the use of CP-MTX, although a sig-
nificant fraction of NRobs patients will be missed by the
predictions (33.3% of the total). We also calculated the
benefit-cost values corresponding to the three patient sets
analyzed in previous CP-MTX studies (Table 4) [5, 6].
Surprisingly, these values were very similar: all showed a
benefit of about 33% at a cost of about 8%. This could be
expressed as reducing 4 NR patients at the cost of 1 patient
receiving alternative treatment that was unnecessary, a
result showing potential to improve RA management.

Analysis of important strata in our patients (Table 5)
showed that the DMARD-experienced patients were more
frequently NRobs than the DMARD-naive patients (76.7 vs.
63.4%, p= 0.001). In addition, CP-MTX performance was
significantly better in the experienced than in the naive
patients, with higher PPV and lower expected cost
(Table 5). However, CP-MTX retained a favorable benefit-

Table 3 Distribution of RA patients according to CP-MTX scoring and prediction

Clinical component Score All (n= 720) LDAobs (n= 240) NRobs (N= 480) P

Man 0 141 (20.0) 59 (25.0) 82 (17.0) 0.02

Woman 1 579 (80.0) 181 (75.0) 398 (83.0)

DAS 28

≤5.1 0 353 (49.0) 172 (71.7) 181 (37.7) 2.8 × 10-17

>5 .1 & ≤6.4 3 229 (31.8) 51 (21.2) 178 (37.1)

>6.4 3.5 138 (19.2) 17 (7.1) 121 (25.2)

RF/smoking

−/− 0 246 (34.2) 71 (29.6) 175 (36.4) 0.08

−/+ or +/− 1 361 (50.1) 127 (52.9) 234 (48.8)

+/+ 2 113 (15.7) 42 (17.5) 71 (14.8)

Pharmacogenetics component

MTHFD1

AG/GG 0 582 (81.0) 196 (82.0) 386 (80.4) 0.7

AA 1 138 (19.0) 44 (18.0) 94 (19.6)

AMPD1

CT/TT 0 173 (24.0) 60 (25.0) 113 (23.5) 0.7

CC 1 547 (76.0) 180 (75.0) 367 (76.5)

ITPA

CC 0 620 (86.0) 209 (87.0) 411 (85.6) 0.6

AC/AA 2 100 (14.0) 31 (13.0) 69 (14.4)

ATIC

CC 0 314 (43.6) 101 (42.1) 213 (44.4) 0.6

GC/GG 1 406 (56.4) 139 (57.9) 267 (55.6)

CP-MTX prediction

LDApred ≤ 3.5 193 (26.8) 95 (39.6) 98 (20.4)

Undefined > 3.5 & < 6 226 (31.4) 84 (35.0) 142 (29.6)

NRpred ≥ 6 301 (41.8) 61 (25.4) 240 (50.0)

Columns show: all patients, patients that achieved LDA at 6 months, and NRobs patients. Rows show baseline characteristics of the clinical and
pharmacogenetics components and the CP-MTX predictions. P values correspond to the comparison of LDAobs and NRobs patients for each scoring
item
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cost relationship in DMARD-naive patients (Expected
benefit= 32.5% and expected cost= 10.4%). Other
important stratification was determined by the use of con-
comitant corticosteroids, but, in this case, no differences
were observed (Table 5).

As signaled above, the pharmacogenetics component of
CP-MTX showed a lower contribution to the scores than the
clinical part, and none of the 4 SNP was different between
NRobs and LDAobs (Table 3). Therefore, we assessed the
value of implementing a model including only the clinical
component. As a first step, a new cut-off was determined by
ROC analysis (Supplementary Table 1). Applying the
resulting 3.5 threshold, the clinical model showed a some-
how better performance than CP-MTX for prediction of
NRobs (PPV= 81.7%, FNR= 38.6%, Supplementary
Table 2), and for the benefit-cost analysis (Expected benefit
= 41.0% and expected cost= 9.2%). Notably, only sex and
disease activity at baseline contributed significantly to this
prediction (not shown)

Discussion

Our results have clearly shown the potential value of CP-
MTX for improving management of RA patients with an
expected benefit of 33% at a cost of 8%. This potential was
manifest because of our new focus, placed in reducing the

fraction of NR patients, and of the explicit definition of
benefits and costs expected from CP-MTX. Confidence in
the results is supported by the large number of patients and
by demonstrating very similar benefit-cost performance in
our reanalysis of previous studies [5, 6].

An important aspect of our work is the clarity introduced
in the analysis by focusing on the most relevant clinical
problem: reduction of the fraction of NR patients [1, 2].
Another remarkable aspect of our results is the increased
reproducibility of the critical benefit-cost values. This
consistency of results has been obtained in patients that
were diverse: from a clinical trial [5], or from conventional
practice (here and in [6]); DMARD-naive or DMARD-
experienced; and with or without concomitant corticother-
apy. Therefore, the robust reproducibility of CP-MTX
shows promise for broad validity.

The previous CP-MTX studies have already shown the
low weight of the pharmacogenetics component [5, 6].
However, it was still considered necessary based on
improved performance parameters [5, 6]. In contrast, we
have found a negligible contribution of pharmacogenetics in
our patients, both with our benefit-cost analysis and with the
parameters previously reported (Supplementary Table 2).
This result is important because the need to obtain the
genetic information prior to start treatment is a critical
barrier for the implementation of CP-MTX. However, we
expect that progress in pharmacogenetics will permit to
improve the model in the future [8, 9].

A limitation of our study is the requirement of treatment
continuation for 6 months, which have excluded patients
with earlier discontinuation. However, it should be noted
that most patients (70–90%) on MTX monotherapy con-
tinue it until 6 months [12–17], and that early drug with-
drawals are unfrequently (4–25%) attributable to lack of
efficacy [12, 13, 15, 16]. In addition, the benefit achievable
with CP-MTX is limited to change to alternative treatments.
Unfortunately, it will not translate completely in good
responder patients.

Table 4 Performance of CP-MTX for prediction of NRobs in our
patients and in previous studies

Current
n= 720

Wessels 1
n= 184

Wessels 2
n= 38

Fransen
n= 71

NRobs 66.7 53.8 55.3 67.6

PPV 79.7 86.1 72.2 80.8

FNR 50.0 37.4 38.1 56.3

Missed 33.3 20.1 21.1 38.0

Benefit 33.3 33.7 34.2 29.6

Cost 8.5 5.4 13.2 7.0

All values are given as percentages (%). NRobs and PPV from previous
studies are as reported. FNR, Benefit, Cost and Missed values
corresponding to previous studies were calculated from the reported
raw frequencies. Note that in Wessels et al. the PPV was called true
negative rate and in Fransen et al. was called NPV. For definitions see
Table 2.

Wessels 1= early RA DMARD-naive patients treated with MTX
monotherapy allowing concomitant NSAID and intraarticular corti-
costeroids in the BeSt clinical trial that were used for development of
CP-MTX in reference [5].

Wessels 2= patients fulfilling similar selection criteria except
enrollment in the BeSt clinical trial that were used for replication in
reference [5].

Fransen=DMARD-naive or –experienced patients treated with MTX
monotherapy allowing concomitant corticosteroids that were used for
replication in reference [6].

Table 5 Performance of CP-MTX for prediction of NRobs in important
patient strata

Naive
n= 548

Experienced
n= 172

P With
n= 524

Without
n= 193

P

NRobs 63.4 76.7 0.001 68.5 62.7 0.1

PPV 75.7 93.8 0.001 81.5 75.3 0.3

FNR 48.7 53.8 0.3 48.5 54.5 0.2

Missed 30.9 41.3 0.012 33.2 34.2 0.8

Benefit 32.5 35.5 0.5 35.3 28.5 0.09

Cost 10.4 2.4 0.0009 8.0 9.3 0.6

DMARD-naive vs. DMARD-experienced patients, and with/without
concomitant corticosteroids. All values are given as percentages (%).
For definitions see Table 2.
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A comment is required on the place that CP-MTX could
have in the context of treatment recommendations [2, 18–
21]. In some countries, health authorities demand that all RA
patients are initially treated with a combination of MTX plus
a second DMARD unless contraindicated. This view is
reflected in some treatment guidelines that avoid MTX
monotherapy [22, 23]. However, the most recent and widely
accepted recommendations, from the EULAR, ACR and
other rheumatologist associations, endorse MTX as mono-
therapy for new RA patients [2, 20, 21]. This advice is strong
for patients with low disease activity and conditional for
patients with higher disease activity in some of these
guidelines [20, 21], whereas in the EULAR 2016 recom-
mendations combination therapy is no longer explicitly
mentioned as initial treatment [2]. Currently, none of the
guidelines includes predictions of treatment outcome as a
tool for drug choice. They only enumerate factors associated
with a poor prognosis that should be considered for selecting
a more aggressive therapy. The list of poor prognosis factors
includes some of the comprised in the clinical component of
CP-MTX (high disease activity, smoking, presence of RF),
but without further specification. Therefore, the CP-MTX
could fill the role of prediction model in patients in which
MTX monotherapy is considered.

In conclusion, our results indicate CP-MTX is able to
predict patients that will fail to respond if prescribed MTX
monotherapy. The expected benefit from implementing CP-
MTX in clinical management is a decrease in the fraction of
NR patients of about 33%. These patients will be changed
from MTX monotherapy to more aggressive treatments. A
change in prescription that will be justified in three of each
four patients. The CP-MTX could be further improved by
including other clinical variables, as presence of erosions or
previous experience with DMARDs, and modifying the
pharmacogenetics component to update the list of included
SNPs.

Acknowledgements We are indebted to the patients that generously
have contributed the samples and time to this work. We thank Carmen
Pena for her excellent technical support. This work was supported by
the Instituto de Salud Carlos III (Spain) through grants (PI14/01651
and RD16/0012/0014 to AG). These grants are partially financed by
the European Regional Development Fund of the EU (FEDER). RL-R
was supported by Instituto de Salud Carlos III (Spain) through a
Postdoctoral Contract “Sara Borrell” (CD14/00186).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas D,
Burmester G, et al. Treating rheumatoid arthritis to target:

recommendations of an international task force. Ann Rheum Dis.
2010;69:631–7.

2. Smolen JS, Landewe R, Bijlsma J, Burmester G, Chatzidionysiou
K, Dougados M, et al. EULAR recommendations for the man-
agement of rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2016 update. Ann Rheum
Dis. 2017;76:960–77.

3. Brown PM, Pratt AG, Isaacs JD. Mechanism of action of meth-
otrexate in rheumatoid arthritis, and the search for biomarkers. Nat
Rev Rheumatol. 2016;12:731–42.

4. Romao VC, Canhao H, Fonseca JE. Old drugs, old problems:
where do we stand in prediction of rheumatoid arthritis respon-
siveness to methotrexate and other synthetic DMARDs? BMC
Med. 2013;11:17.

5. Wessels JA, van der Kooij SM, le Cessie S, Kievit W, Barerra P,
Allaart CF, et al. A clinical pharmacogenetic model to predict the
efficacy of methotrexate monotherapy in recent-onset rheumatoid
arthritis. Arthritis Rheum. 2007;56:1765–75.

6. Fransen J, Kooloos WM, Wessels JA, Huizinga TW, Guchelaar
HJ, van Riel PL, et al. Clinical pharmacogenetic model to predict
response of MTX monotherapy in patients with established
rheumatoid arthritis after DMARD failure. Pharmacogenomics.
2012;13:1087–94.

7. Owen SA, Lunt M, Hider SL, Bruce IN, Barton A, Thomson W.
Testing pharmacogenetic indices to predict efficacy and toxicity of
methotrexate monotherapy in a rheumatoid arthritis patient cohort.
Arthritis Rheum. 2010;62:3827–9.

8. Chen Y, Zou K, Sun J, Yang Y, Liu G. Are gene polymorphisms
related to treatment outcomes of methotrexate in patients with
rheumatoid arthritis? A systematic review and meta-analysis.
Pharmacogenomics. 2017;18:175–95.

9. Qiu Q, Huang J, Shu X, Fan H, Zhou Y, Xiao C. Polymorphisms
and pharmacogenomics for the clinical efficacy of methotrexate in
patients with rheumatoid arthritis: a systematic review and meta-
analysis. Sci Rep. 2017;7:44015.

10. IGSR: The International Genome Sample Resource. 2017
http://www.internationalgenome.org/home

11. van Gestel AM, Haagsma CJ, van Riel PL. Validation of rheu-
matoid arthritis improvement criteria that include simplified joint
counts. Arthritis Rheum. 1998;41:1845–50.

12. Braun J, Kastner P, Flaxenberg P, Wahrisch J, Hanke P, Demary
W, et al. Comparison of the clinical efficacy and safety of sub-
cutaneous versus oral administration of methotrexate in patients
with active rheumatoid arthritis: results of a six-month, multi-
center, randomized, double-blind, controlled, phase IV trial.
Arthritis Rheum. 2008;58:73–81.

13. Barrera P, van der Maas A, van Ede AE, Kiemeney BA, Laan RF,
van de Putte LB, et al. Drug survival, efficacy and toxicity of
monotherapy with a fully human anti-tumour necrosis factor-alpha
antibody compared with methotrexate in long-standing rheuma-
toid arthritis. Rheumatology. 2002;41:430–9.

14. van Ede AE, Laan RF, Rood MJ, Huizinga TW, van de Laar MA,
van Denderen CJ, et al. Effect of folic or folinic acid supple-
mentation on the toxicity and efficacy of methotrexate in rheu-
matoid arthritis: a forty-eight week, multicenter, randomized,
double-blind, placebo-controlled study. Arthritis Rheum.
2001;44:1515–24.

15. Detert J, Bastian H, Listing J, Weiss A, Wassenberg S, Liebhaber
A, et al. Induction therapy with adalimumab plus methotrexate for
24 weeks followed by methotrexate monotherapy up to week 48
versus methotrexate therapy alone for DMARD-naive patients
with early rheumatoid arthritis: HIT HARD, an investigator-
initiated study. Ann Rheum Dis. 2013;72:844–50.

16. O’Dell JR, Curtis JR, Mikuls TR, Cofield SS, Bridges SL Jr.,
Ranganath VK, et al. Validation of the methotrexate-first strategy
in patients with early, poor-prognosis rheumatoid arthritis: results

544 R. López-Rodríguez et al.

http://www.internationalgenome.org/home


from a two-year randomized, double-blind trial. Arthritis Rheum.
2013;65:1985–94.

17. Bijlsma JWJ, Welsing PMJ, Woodworth TG, Middelink LM,
Petho-Schramm A, Bernasconi C, et al. Early rheumatoid arthritis
treated with tocilizumab, methotrexate, or their combination (U-
Act-Early): a multicentre, randomised, double-blind, double-
dummy, strategy trial. Lancet. 2016;388:343–55.

18. Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh AF, Kremer
JM, et al. 2012 update of the 2008 American College of Rheu-
matology recommendations for the use of disease-modifying
antirheumatic drugs and biologic agents in the treatment of
rheumatoid arthritis. Arthritis Care Res. 2012;64:625–39.

19. Albrecht K, Zink A. Poor prognostic factors guiding treatment
decisions in rheumatoid arthritis patients: a review of data from
randomized clinical trials and cohort studies. Arthritis Res Ther.
2017;19:68.

20. Bykerk VP, Akhavan P, Hazlewood GS, Schieir O, Dooley A,
Haraoui B, et al. Canadian Rheumatology Association

recommendations for pharmacological management of rheumatoid
arthritis with traditional and biologic disease-modifying anti-
rheumatic drugs. J Rheumatol. 2012;39:1559–82.

21. Singh JA, Saag KG, Bridges SL Jr., Akl EA, Bannuru RR, Sul-
livan MC, et al. 2015 American College of Rheumatology
guideline for the treatment of rheumatoid arthritis. Arthritis
Rheumatol. 2016;68:1–26.

22. National Institute for Health and Clinical Excellence. The man-
agement of rheumatoid arthritis in adults (Clinical guideline 79).
London: NICE; 2009. www.nice.org.uk/CG79.

23. Guidelines and Protocols Advisory Committee of British
Columbia. Rheumatoid Arthritis - Diagnosis, Management and
Monitoring, 2012. https://www2.gov.bc.ca/gov/content/health/pra
ctitioner-professional-resources/bc-guidelines/rheumatoid-a
rthritis?keyword=rheumatoid&keyword=arthritis&keyword=
medical&keyword=treatment.

Evaluation of a clinical pharmacogenetics model to predict methotrexate response in… 545

https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/rheumatoid-arthritis?keyword=rheumatoid&keyword=arthritis&keyword=medical&keyword=treatment
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/rheumatoid-arthritis?keyword=rheumatoid&keyword=arthritis&keyword=medical&keyword=treatment
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/rheumatoid-arthritis?keyword=rheumatoid&keyword=arthritis&keyword=medical&keyword=treatment
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/rheumatoid-arthritis?keyword=rheumatoid&keyword=arthritis&keyword=medical&keyword=treatment

	Evaluation of a clinical pharmacogenetics model to predict methotrexate response in patients with rheumatoid arthritis
	Abstract
	Introduction
	Materials and methods
	Patients and clinical component of the model
	Genetic component of the model
	Evaluation of model predictions

	Results
	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




